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Abstract 
The results of experimental and theoretical research that indicate the improvement of the environmental performance of the petrol 
vehicle of class M1 are shown. The fuel and air channels of engine are equipped with permanent magnets. Studies were carried 
out at slow and fast idling of a crankshaft engine. Permanent magnets are installed in such a way that the magnetic field lines  
pass through the fuel and air in the perpendicular plane relative to the direction of flow of the material. It creates a magnetic flux 
of different configurations and intensity. As a result of such influence, the composition of the exhaust gas is changed. The toxic 
components are reduced in such exhaust gases. The results of experimental studies were approximated by polynomials of the 
second degree. As a result, the optimal combination of flow on the criterion of a minimum total toxicity was identified. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Internal combustion engine (ICE) are used in various fields of economic activity. However, they are one of the 
sources of environmental pollution by toxic components of exhaust gases (EG) [1-6].  
Scientists and researchers of many countries using ICE have developed and implemented actions that allowed to 
reduce the toxicity of EG in the last 20 – 25 years. Especially in such developed countries as Japan, USA, England, 
Germany, France, South Korea and Scandinavian which lessen the toxicity in 15-20 times. These actions include the 
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development of new perfect fuel injection systems and neutralizers of exhaust gases. Various legislative 
requirements and standards allow to reduce toxic gases emissions [3,4].  
Scientists from Russia, USA, France, Germany, Japan and other consider air or fuel processing of ICE transport 
using electrical, magnetic or electromagnetic fields theoretically difficult but relevant task. 
2. Methods 
The proposed methods are based on such phenomenon of physics as internal change structure of substance placed 
in an external magnetic field. Besides, such phenomenon can promote crushing substance in smaller particles at 
molecular or atomic level [7-19]. 
There are many devices that are protected by patents for magnetic processing of liquid fuel by flow through 
permanent magnets. These magnets are placed in different framework and cameras [8-19].  
Considered that the process of formation of the combustible mixture divide in two stages, first (undoubtedly the 
main) is associated with the dispensing of fuel, namely with the establishment of quantitative relations "air-fuel", the 
second stage is the obtaining of a uniform (homogeneous) mixture [14]. Degree of homogenization very difficult to 
determine by direct observation or measurement, but it is possible to apply indirect assessment in the form of 
environmental indicators and adjustment features. Completeness of evaporation of the fuel depends on speed of its 
evaporation and conditions of formation of homogeneous mixture. 
It is known that the magnetic field significantly effects on the rate of evaporation of a liquid [15]. Moreover, the 
effect more depends on the gradient of magnetic induction ȼ, than from its magnitude. 
This model will apply to the process of mixture formation in gasoline engines. Fineness of spraying of fuel and 
its evaporation is necessary to improve to provide a uniform mixture of appropriate composition in all modes, 
including forced idling for reduce the concentration of CO, HC, and most importantly NOx in engines with positive 
ignition [5,14].  
The authors propose method for intensifying the operation of the internal combustion engine by treating the fuel 
and air simultaneously by opposite poles of constant magnets [16] as shown in figure 1. 
 
Fig. 1 – Fuel system of gasoline engine VAZ 21213 equipped constant magnets: 1 – constant magnets mounted in the air supply system, 2 – 
constant magnets mounted in the fuel supply system 
Preliminary experimental studies of the effect of magnetic fields on the environmental performance of petrol 
engine with external mixture formation of a passenger car were conducted. They showed that compared with a serial 
power system of the engine, installing the permanent magnets in the system for supplying fuel and air leads to 
changes composition and quality of exhaust gases: 
x the concentration of CO, HC, and NOx is reduced 
x the concentration of CO2 and H2O is increases 
x color of smoke became white 
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x unpleasant odor disappeared 
The authors is believing the reduction of CO and HC, and increase formation of CO2 and H2O is achieved by due 
to the increase of completeness of combustion by analogy recirculation. The concentration of NOx is reducing due 
to the temperature decrease of the EG with a higher heat capacity inert gas mixture with CO2 and H2O in the engine 
cylinders [3-5]. 
The basic relations that determine the chemical reactions of the combustion process and the formation of toxic 
components when exposed to an opposite magnetic field on the fuel and air can be represented as: 
22 CO2OCO2 l   (1) 
2224 COOH2O2CH l   (2) 
22 ONOONO l   (3) 
22 CO2NCO2NO2 l   (4) 
24 COCHOHCHO2 l   (5) 
243 COCHOCHOCH l   (6) 
242 COCHOCHCHOCH l   (7) 
The equations is shown possible increased the formation of CO2 and H2O in the free condition. 
3. Resolts 
The authors was conducted several series of experiments on engines with external mixture formation [17,18]. The 
magnets tension 0,28 – 0,33 T was mounted on non-metallic elements of the fuel and air channel of the vehicle VAZ 
21213 "Niva". The pole "S" is mounted to the fuel channel and pole "N" of the identical magnets on the intake 
channel of the air filter at the experimental stage. The power lines of magnetic field pass through fuel and air in the 
perpendicular plane relative to the direction of flow of substance. 
Tabl 1 Values of components of the exhaust gases of the engine with external mixture formation 
 
700 min–1 3000 min–1 
normal with magnet normal with magnet 
1 2 3 4 1 2 3 4 
CO, % 2.93 1.71 1.72 1.93 5.57 4.7 4.53 3.66 
HC, ppm 552 495 542 375 344 278 285 234 
NOx, ppm 96 79 62 50 185 181 158 151 
CO2, % 13.4 13.5 14.0 13.6 12.9 13.0 13.7 13.5 
O2, % 0.8 0.77 1.18 0.54 0.39 0.29 0.34 0.38 
Ȝ 0.937 0.992 0.985 0.957 0.868 0.884 0.894 0.913 
ĭfuel,×10–4, Vb – 3.69 6.6 13.2 – 3.69 6.6 13.2 
ĭair,×10–4, 
      Vb 
– 0.80 2.31 4.62 – 0.80 2.31 4.62 
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Measurements of exhaust emissions were carried with gas analyzer "AUTOTEST–02.03 P" first class precision, 
at idle, low and high frequency engine crankshaft, 700 and 3000 min–1, respectively. Toxicity measurements were 
carried out in accordance with the requirements of GOST R 52033-2003. The results are presented in table 1 where 
it is seen that the concentration of all toxic components of the exhaust gases (NOx, CO and HC) decrease there is a 
simultaneous and excess air ratio Ȝ increase the amount to stoichiometric. The quantity carbon dioxide CO2 and 
water vapor H2O is some increased in the exhaust gases while exposed to a magnetic field of opposite poles on the 
fuel and the air as shown by research. It can reduce ICE work cycle maximum temperature and correspondingly 
decrease toxic components in the EG. 
The following conclusions can be drawn from the above research results: simultaneous exposure to opposite 
poles of constant magnetic field on the fuel and air gasoline engine can simultaneously reduce the contents of three 
toxic components CO, HC and NOx in the EG of the engine. 
Program of approximation of experimental data by polynomial dependencies is written in FORTRAN language 
and using the least squares method to determine the functional dependencies of the parameters of the investigated 
engine VAZ 21213 was developed. The polynomial functions describing influence of magnetic fluxes on the toxic 
components of the EG were obtained. 
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X1, X2 ,X3 ,X4 are the corresponding values of the assigned parameters in equations (8 – 10). 
The optimal ratio of magnetic flux to the air and fuel were defined in equations 8 – 10 using derivatives. 
Formulas 11 – 13 for fuel, 14 – 16 for air. 
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The adequacy of the received equations was tested using Fisher's criterion, and was confirmed with a probability 
of coincidence of results of calculation and experiment is not less than 95% of cases. The equations allow to 
estimate the effect of each of the considered factors and their interactions on the output parameters. 
The parameter total toxicity is given in relation to the toxic parameters of the standard engine was introduced to 
assess the overall toxic effects of EG on human health. Since different components have different effect on the 
human body for each component was assigned a coefficient which equalizes the impact of the evaluated component 
carbon monoxide [3]. Hydrocarbons HC has a factor 3,16 and nitrogen oxides NOx has a factor 41,1 [3]. As a result 
variant 4 has greatest impact on improving environmental performance after determine the relative total toxicity. 
These calculations are shown in table 2. 
 Tabl 2 – Total toxicity of mode  
Mode  1 2 3 4 
700 min–1 45,26 43,91 35,42 26,97 
3000 min–1 45,26 40,70 36,04 38,11 
4. Conclusions 
1) The simultaneous influence of opposite poles of permanent magnets on the fuel and air reduces the content of 
the three toxic components CO, HC and NOx simultaneously in the EG of a gasoline engine; 
2) The character of changes of toxic components of EG (CO, HC, NOx), depending on the configuration, the 
intensity of the magnetic flux on fuel and air and the rotational speed of the crankshaft installed by using 
mathematical experiment; 
3) The methodology for the formulation of practical recommendations on the use of opposite permanent magnets 
to improve the environmental performance of the vehicle was created. This methodology allows calculating the 
configuration, intensity and an optimal location of the magnetic fluxes in the fuel supply and air supply systems of a 
vehicle of category M 1. 
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